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Abstract
Efficient fiber-based long-distance quantum communication via quantum repeaters
relies on deterministic single-photon sources at telecom wavelengths, with the po-
tential to exploit the existing world-wide infrastructures. For upscaling the experi-
mental complexity in quantum networking, two-photon interference (TPI) of remote
non-classical emitters in the low-loss telecom bands is of utmost importance. With
respect to TPI of distinct emitters, several experiments have been conducted, e.g.,
using trapped atoms [1], ions [2], NV-centers [3, 4], SiV-centers [5], organic molecules
[6] and semiconductor quantum dots (QDs) [7–14]; however, the spectral range was
far from the highly desirable telecom C-band. Here, we report on TPI at 1550 nm be-
tween down-converted single photons from remote QDs [15], demonstrating quantum
frequency conversion [16–18] as precise and stable mechanism to erase the frequency
difference between independent emitters. On resonance, a TPI-visibility of (29± 3) %
has been observed, being only limited by spectral diffusion processes of the individual
QDs [19, 20]. Up to 2-km of additional fiber channel has been introduced in both or
individual signal paths with no influence on TPI-visibility, proving negligible photon
wave-packet distortion. The present experiment is conducted within a local fiber net-
work covering several rooms between two floors of the building. Our studies pave the
way to establish long-distance entanglement distribution between remote solid-state
emitters including interfaces with various quantum hybrid systems [21–24].
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FIG. 1. (a) Sketch of experimental setup utilized for TPI measurements of consecutively emitted
photons (dotted line configuration for QDB) as well as TPI with remote QDs situated in distinct
cryostats (solid line configuration). In both configurations, the emission is transferred to the
telecom C-band via two distinct frequency converters named QFCR and QFCB. A polarization
control (PolCon) is used to realize distinguishable (⊥) and indistinguishable (‖) photon overlap
on a fiber-based beamsplitter (fBS). Detected events are time tagged for the following correlation
analysis. (b) Schematic energy diagram for the QFDC: the converters are used to precisely control
the spectral matching. (c) High-resolution PL (resolution ≈ 100 MHz) spectra of the QD emission
in the NIR allowing for reliable setting of the two converters. (d) PL spectra in the telecom C-band
after QFDC (standard resolution ≈ 10 GHz). (e) Remote TPI measurement of QDR and QDB
with parallel and orthogonal polarization setting. Central peaks and temporally distant peaks
(setting the Poissonian level) are displayed.
Perspective quantum repeater scenarios include quantum interference of single photons
– preferably at telecom wavelengths – from remote quantum nodes [25]. In this respect,
two-photon interference represents the basic quantum operation to establish entanglement
between different nodes and therefore several efforts have been made to improve the max-
imally achieved TPI visibility. Among non-classical light emitters, QDs reach near-ideal
values using photons from the same emitter [15]. However, when interfering photons stem-
ming from remote emitters, the achieved visibilities are well below unity, mainly limited by
spectral diffusion [26, 27]. Despite this challenge, TPI from remote emitters represents a
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viable approach for all applications where active demultiplexing cannot be employed (i.e.
mid- and long-distance quantum networks) [28]. In the telecom C-band, current state-of-
the-art showed TPI with one down-converted quantum emitter and a laser [29, 30]. As a
clear step forward, we here demonstrate TPI with on-demand generated photons of two
distinct remote quantum dots. By means of two independent quantum frequency converters
(QFCs) we transfer NIR-photons to the telecom C-band and at the same time exploit quan-
tum frequency down-conversion (QFDC) as highly stable and precise tuning mechanism to
overcome the spectral offset of the utilized remote QD-pair (here denoted as QDR:QDB).
Figure 1a depicts the experimental setup, where the same pulsed laser is used to excite the
two emitters situated in separate cryostats. Single photons are generated by resonantly ad-
dressing the charged exciton transitions via coherent pi-pulse excitation and then forwarded
to the QFCs. As the relative detuning of the pump lasers is set to compensate the frequency
mismatch of the original near infrared photons, the retrieved telecom photons are brought
into resonance (compare Figure 1b). After QFDC of both photon streams in individual fre-
quency converters, the telecom photons are sent via a 60 m-fiber link to another floor of the
building. The investigated system represents a model of a realistic scenario where optical
fibers are crossing several different rooms instead of a controlled lab environment. At the
end of the fiber network, the non-classical photons are brought to interference, feeding a
fiber-based beamsplitter (fBS).
The two QDs utilized in the experiment show a TPI visibility of V 4 nsQDR,NIR = (72± 4) %
and V 4 nsQDB,NIR = (58± 4) %, respectively. The frequency detuning δνQDs between the s-shells
(compare high-resolution PL (hPL), in Figure 1c) can be compensated via temperature
tuning, allowing to frequency match the two emitters. It is worth noting that when per-
forming remote TPI, here with QDR:QDB, the interfering photons are spectrally completely
uncorrelated [31], i.e., the maximum obtainable TPI visibility is determined by both homo-
geneous (inferred from decay time measurement, see Suppl. Info.) and inhomogeneous
broadening. For this reason, the measured remote TPI visibility in the NIR regime gives a
state-of-the-art value of V remoteexp,NIR = (26± 3) % (see Ref. [32]). In the present study, QFDC
is used to bridge the gap between NIR and telecom regime, then working with photons at
≈ 1550 nm (Fig. 1d). In this regard, the sources’ individual TPI visibilities after QFDC
result in V 4 nsQDR = (64± 21) % and V 4 nsQDB = (60± 3) % (see Suppl. Info.), proving that QFDC
preserves both photon coherence and temporal shape [16]. By utilizing the converter to fine-
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tune the photon energy and erase the initial frequency mismatch, TPI of telecom photons
from remote emitters is conducted. With this proof-of-principle experiment, a maximum
visibility of V remoteexp = (29± 3) % is observed (Figure 1e), in agreement with theoretical
modeling of the data based on Ref. [33] (see Methods), giving V remotesim = (27± 1) % as the
highest achievable value. The very good correspondence with NIR-experiments, further
shows that the two independently operated QFCs do not induce any measurable dephasing.
In the following, the spectral offset between the two remote sources is precisely controlled
using two independent QFCs: the accurate readout of the two pump laser frequencies allows
for a stable and reliable variation of the spectral matching. To demonstrate the reliability
of the tuning mechanism, TPI experiments for different converted wavelength detunings are
performed. Figure 2a shows the visibility values in a frequency range of around 12 GHz,
however having available an overall tuning of more than 2 THz. The resulting tuning series
of the remote TPI measurement proves the convenience and stability (20 MHz, i.e., orders of
magnitude smaller than the natural linewidth, see Suppl. Info.) of the combined technolo-
gies with very good agreement between data and theoretical expectation. As can be seen
in Figure 2b-d, the applied model fits very well with the obtained data. Panel b shows the
characteristic interference dip for spectral detuning of δν = (−0.7± 0.1) GHz. Furthermore,
based on the high time-resolution in these particular measurements, panel c shows clear sig-
natures of quantum beating in the center peak for spectral detuning of δν = (6.0± 0.1) GHz,
corresponding to a beating period of 170 ps. This effect was so far only shown for TPI with
two remote atoms [31] and organic molecules [6]. In panel d no quantum interference can be
observed as the polarization is set to be orthogonal, representing the distinguishable case.
Although the telecom C-band corresponds to the region of maximal transmission into a
glass fiber, the spectral dispersion acquired during propagation of the single photons [34]
could still affect the TPI visibility over long distances. To further investigate the effect of
photon wave packet distortion in a realistic building-to-building fiber-network scenario, re-
mote TPI with additional fiber path length of up to 2 km was carried out. Figure 3 shows the
resulting remote TPI measurements with symmetric (0:0 km and 1:1 km) as well as asym-
metric (0:2 km and 2:0 km) fiber configuration between the photon streams of QDR:QDB.
In the symmetric fiber configuration no reduction of TPI visibility is expected as the wave
packets of both photon streams are equally affected by the material dispersion. The ex-
pectation is proven by the experimental results giving respectively V 0:0 km = (26± 2) %
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FIG. 2. Remote TPI measurement with QDR and QDB. (a) TPI visibility in dependence of spectral
detuning, obtained by varying the pump laser frequency of QFCB. Experimental data obtained
via normalization on Poissonian level. Simulation is based on measurements of decay time and
homogeneous broadening (see Methods). (b-c) High-resolution correlation measurements for par-
allel polarization and different spectral detuning (δν = (−0.7± 0.1) GHz and δν = (6.0± 0.1) GHz
respectively). (d) Correlation measurement for orthogonally polarized photons.
and V 1:1 km = (24± 2) %, having a frequency detuning between the converted emitters
of δν = (0.6± 0.1) GHz. In case of an asymmetric configuration, dispersion may have a
stronger effect on the wave packets traveling through the longer fiber. As a consequence, the
mismatch in wave packet overlap would be increased leading to degradation of photon indis-
tinguishability. However, in the experiment no reduction in TPI contrast can be observed for
asymmetric fiber configuration, respectively (V 0:2 km = (22± 2) % and V 2:0 km = (23± 2) %).
These results prove that for building-to-building fiber networks (up to 2 km), the wave packet
dispersion does not degrade the interference process, when operating in the telecom C-band.
Nevertheless, in case of town-to-town fiber networks, the effects of dispersion may become
non-negligible. It is further expected that via the time-bandwidth product of the Fourier-
transform limited single photons [20], wave packet distortion should be stronger for shorter
transition lifetimes corresponding to a larger spectral bandwidth. In order to quantify the
visibility degradation in long-distance fiber networks, the simulations presented in Ref. [35]
were applied. Figure 4 shows the simulated remote TPI visibility of two ideal QD-pairs for
asymmetric fiber configuration (0:X km), as this represents the limiting case scenario. Both
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QD-pairs have equal photon properties, respectively, i.e., they perfectly match in frequency
and are set to have Fourier-transform limited integrated emission. To investigate the effect of
different spectral bandwidths, the two pairs are set to have different lifetimes. Consequently,
values which are typical for QDs embedded in planar structures [36] and micro-cavities [37]
are chosen (QD1:QD1 with τlife = 1000 ps, i.e., ∆νhomog = 0.16 GHz and QD2:QD2 with
τlife = 100 ps, i.e., ∆νhomog = 1.60 GHz). It is worth noting that while for QD-pair 1 the
dispersion has a very limited effect even for long fiber length difference, for QD-pair 2 the
remote TPI visibility drops significantly. For a realistic fiber path length difference of 10–
100 km short transition lifetimes will then result in a 20–60 % drop of visibility comparing
to 2–10 % variation for the case of QD-pair 1. Here, it becomes clear that when sources
have to be used in fiber-based long-distance applications, care must be taken in adapting
the emitter lifetime accordingly to the network design.
In conclusion, we demonstrated for the first time remote two photon interference in the
telecom C-band using two distinct quantum emitters: exploiting quantum frequency con-
version the NIR photons were transferred to 1550 nm wavelength without compromising
the photon quality, in terms of photon purity and indistinguishability. The presented ex-
perimental configuration further demonstrated that the utilized converters represent a very
precise, stable and reliable mechanism to tune remote sources in resonance. The observed
TPI contrast over spectral detuning shows very good agreement with the theoretical model
and it compares well with state-of-the-art results for non-converted sources. The measure-
ments additionally prove that the wave packet dispersion appearing while propagating into
a glass fiber does not affect the visibility in a few-kilometer building-to-building network.
The applied simulations further show that in case of asymmetric fiber path lengths, the
remote TPI visibility is strongly decreased when working with short transition lifetimes; op-
erating long-distance quantum networks, the emitter bandwidth has to be chosen carefully,
depending on the fiber-length and the emitter counterpart. The described study represents
a first key step forward in the implementation of realistic fiber-based quantum networks,
clearly underlining the boundary conditions required for an effective implementation of such
a highly desired quantum technology.
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FIG. 3. Demonstration of building-to-building network via additional fiber path length before
TPI is carried out. Symmetric (0:0 km and 1:1 km) and asymmetric (2:0 km and 0:2 km) fiber
configuration in the two emitter arms QDR:QDB. Coincidences are normalized to Poissonian level.
Within the measurement error, no reduction of visibility is observed in all configurations.
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FIG. 4. Photon wave-packet overlap for two remote QD scenarios after transmission through
asymmetric fiber distance, respectively (see sketch in inset). In both scenarios two equal remote
sources (QD1:QD1 and QD2:QD2) are simulated. The emitted photons are set to be Fourier-
transform limited, however, having different lifetimes, i.e., bandwidth (τlife,QD1 = 1000 ps, i.e.,
∆νhomog = 0.16 GHz and τlife,QD2 = 100 ps, i.e., ∆νhomog = 1.60 GHz). In each scenario, the
photon stream of one of the two QDs is subject to a varying fiber length, to model a more realistic
scheme where the sources are at different distance with respect to nodes.
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METHODS
Experimental configuration
The transition line of both QDs (see Ref. [38] for further info. on QD growth) is res-
onantly addressed at a repetition rate 1/τrep = 76.2 MHz with a pulse width of 3 ps. A
confocal polarization suppression setup is utilized for top-excitation with a laser suppression
of ≈ 107. Both signals are send through a monochromator which is based on a transmis-
sion grating showing a spectral resolution of approximately 15 GHz. To realize TPI, a fBS
as well as a polarization control (PolCon) is utilized, giving (99± 1) % of first-order inter-
ference visibility. Time-synchronization is carried out via variation of fiber and free-space
delays in the excitation and emission paths, enabling both TPI with photons from remote
and individual QDs. High-efficient (ηSNSPD ' 35 %) and high-resolution (∆τSNSPD ' 100 ps)
superconducting nanowire single-photon detectors (SNSPDs) are utilized to capture coinci-
dence events obtained during TPI. Data in Figure 2b-d were recorded using detector with
higher temporal resolution (∆τSNSPD ' 40 ps and ηSNSPD ' 40 %).
At the heart of both conversion setups is an actively temperature stabilized, magne-
sium oxide doped, periodically poled lithium niobate (MgO:PPLN) waveguide chip (NTT
electronics) with allover 18 waveguides. All waveguides have a rectangular cross section of
(11x10)µm2 and a length of 40 mm. In order to minimize coupling losses, the end facets have
an anti-reflective (AR) coating transparent for all participating light-fields. Each conversion
setup is equipped with a single-frequency tunable Cr2+:ZnS/Se Laser (IPG Photonics) as
pump light source. The converter pump laser exhibit wavelength at around λQFC = 2157 nm.
The converters reach a maximum external conversion efficiencies of 34.7 % and 31.4 % for
QDR and QDB, respectively. Both pump laser frequencies fluctuate with an rms level of
3σ = 78 MHz. The fluctuation of the pump laser detuning δνpump is as few as 3σ = 20 MHz
(compare Suppl. Info.), which equals to the resolution limit of the used wavemeter.
The tuning curve in Figure 2a was measured with a coincidence rate of 6000–7000 Hz and
averaged over 70–80 min. Data in Figure 3 was measured with a coincidence rate of 8000–
9000 Hz and averaged over 70–180 min. During all measurements around 55 events/s can be
attributed to detector dark counts, another 500 events/s result from conversion noise. The
environment of the QDs is stabilized via additional CW above-band excitation contributing
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around 10 % to the actual resonance fluorescence.
Theoretical modeling
Remote TPI interference as well as the visibility dependence over the emitter detuning
is modeled as described (for further details see Suppl. Info. and Ref. [33]). In good ap-
proximation the relaxation dynamics can be described by the spontaneous emission of single
photons from an ideal two-level system. Accordingly, the photon wave-functions ζ1,2 (t) can
be expressed as a mono-exponential decay with transition life time τi and frequency νi. The
derivation starts from a well-established formalism describing the HOM experimental situ-
ation with the photon fields ζi (t) at the two inputs of a BS, respectively [31]. Therein, the
probability P (t0, τ) with which both input photons leave the BS through distinct output
ports and become detected at times t0 and t0 + τ is given by
P (t0, τ) =
1
4
|ζ1 (t0 + τ) ζ2 (t0)− ζ2 (t0 + τ) ζ1 (t0)|2 . (1)
Using the wave-functions ζi (t), this leads to
g(2) (τ) =
∫ +∞
−∞
P (t0, τ) dt0
=
1
4 (τ1 + τ2)
×
(
e
− |τ |
τ1 + e
− |τ |
τ2 − 2 · e− |τ |2T cos (2pi∆ντ)
)
, (2)
where the carrier frequency displacement is described by ∆ν = ν1 − ν2 and 1/T = 1/τ1 +
1/τ2. Spectral diffusion processes of both QDs are included as Σ
2 = σ21 + σ
2
2, where σi =
FWHMi/(2
√
2 log 2). The detuning of both center emission frequencies reads δν = νc,1−νc,2.
Accordingly, the measured cross-correlation G(2) (τ) in the long-time limit is obtained by a
weighted average taking account for Gaussian frequency distributions leading to
G(2) (τ) ∝
(
e
− |τ |
τ1 + e
− |τ |
τ2 − 2 · e− |τ |2T e−2pi2Σ2τ2 cos (2piδντ)
)
. (3)
This is the final result used to describe the central peaks around τ = 0 for all remote TPI
correlation measurements shown in the present work.
Then, the TPI visibility of two remote emitters is defined by V = 1− 2P , where P is the
overall probability of both photons going separate ways after meeting at the BS. Accordingly,
P can be calculated by integrating Equation (3) with respect to the relative time τ . The
visibility evaluates to
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VTPI =
1
2
√
2piΣ(τ1 + τ2)
[
exp
(
−(i/(2T ) + 2pi δν)
2
8pi2 Σ2
)
· erfc
(
1/(2T )− i 2pi δν
2pi
√
2 Σ
)
+ c.c.
]
. (4)
Thus, the visibility of a remote HOM experiment is determined by the joint spectral proper-
ties of both emitters. Equation (4) is used in the present work to predict the experimentally
achieved visibilities as function of the pump laser detuning for the remote HOM case.
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SUPPLEMENTARY INFORMATION TO “TWO-PHOTON INTERFERENCE IN
THE TELECOM C-BAND AFTER FREQUENCY CONVERSION OF PHOTONS
FROM REMOTE QUANTUM EMITTERS”
QUANTUM FREQUENCY CONVERTER
The single photons emitted by both quantum dots are independently fed into two iden-
tical, but distinct frequency converters. At the heart of both conversion setups is an ac-
tively temperature stabilized, magnesium oxide doped, periodically poled lithium niobate
(MgO:PPLN) waveguide chip (NTT electronics) with allover 18 waveguides. All waveguides
have a rectangular cross section of (11x10) µm2 and a length of 40 mm. In order to min-
imize coupling losses, the end facets have an anti-reflective (AR) coating transparent for
all participating light-fields. The chip comes with 9 different poling-periods ranging from
24.300µm to 24.500 µm. The periodic poling provides quasi-phase matching for a difference
frequency generation (DFG) process transducing the input photons at λQDR = 904.442 nm
and λQDB = 904.420 nm to the telecom C-band at λtel = 1557.28 nm. To achieve high con-
version efficiencies, the process is stimulated by the presence of a pump light field, whose
wavelength λp fulfills the energy conservation relation of the DFG process 1/λp = 1/λQD - 1/λtel.
This corresponds to λp = 2157.46 nm and 2157.32 nm for QDR and QDB, respectively. Each
conversion setup is equipped with a single-frequency tunable Cr2+:ZnS/Se Laser (IPG Pho-
tonics) as pump light source. For power and polarization control, the pump beam passes
a half-wave plate and a Glan-Taylor Calcite Polarizer. Both input light fields are spatially
overlapped on a dichroic mirror and coupled to the waveguide via an aspherical zinc selenide
lens with a focal length of 11 mm. Subsequent to the conversion, the telecom photons are
separated from the pump light by dichroic mirrors, coupled into a single-mode fiber and
forwarded to analysis or further experiments. Due to anti-Stokes Raman scattering and a
number of non-phase-matched nonlinear conversion processes acting on the pump light, a
significant amount of background photons around the target wavelength are created whilst
conversion. To minimize this unwanted contribution, the telecom photons are passed from a
1550-20 nm bandpass filter as well as a system of a fiber circulator and a fiber Bragg grating,
which acts as an additional 121 GHz broad bandpass filter. At pump light powers of 488 mW
and 338 mW the converters reach their maximal external conversion efficiencies of 34.7 %
15
015
30
0
15
30
Ppump (mW)
0 200 400 600 800 1000
h
ex
t (
%
)
a
b
h
ex
t (
%
)
QFCB
QFCR
FIG. 5. Converter efficiency versus pump laser power for the two independent QFCs of QDR (a) and
QDB (b). The maximum conversion efficiency ηmax is marked as dotted line being η
QFCR
max = 34.7 %
and ηQFCBmax = 31.4 %.
and 31.4 % for QDR and QDB as shown in Figure 5. The external conversion efficiency was
measured between converter input and output of the FBG filter stage and is defined as the
fraction of usable converted photons over input photons.
PUMP LASER STABILITY
The tuning precision of the telecom photons is of utmost importance. As described before,
the wavelength of the output photons is set by the pump laser wavelength. As described
before, the wavelength of the output photons is set by the pump laser wavelength, which can
be controlled in a range from 2000 nm to 2400 nm with MHz precision. In order to monitor
the output frequencies fB and fR of the pump lasers for conversion of QDB and QDR, the
residual pump light is frequency doubled by means of a temperature stabilized MgO:PPLN
bulk crystal subsequent to the conversion and then forwarded to a fiber based MEMS-switch.
Here, both pump beams are combined before entering a wavemeter (High Finesse, WS6-
200). To validate the desired detuning δνpump = fR − fB, both output frequencies fB and
fR were continuously monitored throughout all experiments. Additionally, the stability of
the pump laser detuning δνpump was tested in a long-time measurement (approx. 11 h) of fB
and fR. Both frequencies fluctuate with a rms level of 3σ = 78 MHz. However, both lasers
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FIG. 6. Relative pump laser stability δνpump – around its mean value – over time, showing a 3σ
deviation of ±20.3 MHz.
are operated at the same lab and therefore exposed to the same environmental conditions.
Accordingly, their output wavelengths do not drift independently. As a result, the relative
pump laser detuning δνpump fluctuates with a rms level as low as 3σ = 20 MHz around its
mean value 〈δνpump〉, which equals to the resolution limit of the used wavemeter (see Figure
6). As this is around 2 orders of magnitude below the FWHM of the recorded tuning curve,
it can be assumed that the conversion does not add any relevant frequency jitter to the
telecom photons.
THEORY
In the present work, two-photon coalescence of single-photons emitted by two remote
QDs is investigated. The photons emerge from a recombination process of charged excitons
subsequent to a short, pulsed excitation step. In good approximation the relaxation dynam-
ics can be described by the spontaneous emission of single photons from an ideal two-level
system. Accordingly, the photon wave-functions ζ1,2 (t) can be written as
ζ1,2 (t) =
1√
τ1,2
· H (t) · e−
t
2τ1,2
−i2piν1,2t
, (5)
where τ1,2 denotes the radiative lifetime of the charged exciton state, ν1,2 its instantaneous
emission frequency and H (t) the Heaviside-function. Moreover, the QDs are subject to
spectral diffusion appearing as a jitter of their emission frequencies. Typically, this leads
to an inhomogeneous broadening of the spectral line shape following a normal distribution
p1,2 (ν1,2) around the mean frequency νc,1,2 of the QD with standard deviation σ1,2 according
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to
p1,2 (ν1,2) =
1
σ1,2
√
2pi
· exp
[
−1
2
(
ν1,2 − νc,1,2
σ1,2
)2]
. (6)
The theoretical description of HOM experiments for the given situation is studied in Ref.
[2]. The results therein are used in the present work to assess the remote TPI measurements
as shown in Figure 1e, main article, as well as to predict the tuning curve in Figure 2,
main article. For a better understanding of the underlying equations, the key steps of the
derivation shown in Ref. [2] are briefly summarized in the following.
The derivation starts from a well-established formalism describing the HOM experimental
situation with the photon fields ζ1,2 (t) at the two inputs of a BS, respectively [3]. Therein,
the probability P (t0, τ) with which both input photons leave the BS through distinct output
ports and become detected at times t0 and t0 + τ is given by
P (t0, τ) =
1
4
|ζ1 (t0 + τ) ζ2 (t0)− ζ2 (t0 + τ) ζ1 (t0)|2 . (7)
Using the wave-functions (5), the second-order cross-correlation g(2) (τ) can be evaluated to
g(2) (τ) =
∫ +∞
−∞
P (t0, τ) dt0
=
1
4 (τ1 + τ2)
×(
e
− |τ |
τ1 + e
− |τ |
τ2 − 2 · e− |τ |2T cos 2pi∆ντ
)
, (8)
where the instantaneous emission frequency displacement is described by ∆ν = ν1 − ν2 and
1/T = 1/τ1 + 1/τ2. During a long-time measurement ∆ν does not stay constant, but is
subject to jitter due to the independent spectral diffusion processes of both QDs. For a
measurement, which takes much longer than the time both emitters need to explore their
frequency ranges (6), the probability ρ to find a given splitting ∆ν is simply given by the
cross-correlation of p1 and p2
ρ (∆ν) =
∫ +∞
−∞
p1 (ν) p2 (ν + ∆ν) dν
=
1
Σ
√
2pi
· exp
[
−1
2
(
∆ν + δν
Σ
)2]
. (9)
Here, δν = νc,1 − νc,2 is the relative displacement of both mean emission frequencies and
Σ2 = σ21 + σ
2
2 defines the width of ρ. Accordingly, the measured cross-correlation G(2) (τ) in
18
the long-time limit is obtained by a weighted average of equation (8) using ρ (∆ν) leading
to
G(2) (τ) =
∫ +∞
−∞
ρ (∆ν) g(2) (τ, ∆ν) d∆ν
=
1
4 (τ1 + τ2)
×(
e
− |τ |
τ1 + e
− |τ |
τ2 − 2 · e− |τ |2T e−2pi2Σ2τ2 cos 2piδντ
)
. (10)
This is the final result used to describe the central peaks around τ = 0 for all remote TPI
correlation measurements shown in the present work.
The visibility of HOM-interference is defined by V = 1 − 2 · P , where P is the overall
probability of both photons going separate ways after meeting at the BS. Accordingly, P can
be calculated by integrating equation (10) with respect to the timelag τ . Using the variable
z = (2piδν + i/2T ) /
(
2pi
√
2Σ
)
, the visibility evaluates to
V =
Re [w (z)]√
2piΣ (τ1 + τ2)
. (11)
where the Faddeeva function w (z) [1] is used to express the result. Equation (11) is the
definition of a Voigt line shape as a function of the detuning δν, whose width is given by the
homogeneous contributions τ1,2 and inhomogeneous contributions σ1,2. Thus, the visibility
of a remote HOM experiment is determined by the joint spectral properties of both emitters.
Equation (11) is used in the present work to predict the experimentally achieved visibilities
as function of the pump laser detuning for the remote HOM case (see Figure 2, main text).
DATA ANALYZATION
All correlation histograms are based on time tagging of the raw coincidence events with
a HydraHarp400 with a binning resolution of 1 ps. The obtained data is averaged via con-
volution with the detector response, being ∆τSNSPD ' 100 ps for all data beside the data
in Figure 2b-d of the main article where ∆τSNSPD ' 40 ps. Furthermore, all data is back-
ground corrected. Each correlation histogram is accompanied with a model which is based
on Eq. (10). The model is predetermined by the transition lifetimes τ1,2, inhomogeneous
broadening, reflected via Σ2 = σ21 + σ
2
2, where σi = FWHMi/(2
√
2 log 2), and the spectral
detuning δνQDs between the two QDs. In order to have an independent access to the actu-
ally measured TPI visibility, each correlation measurement has a correlation window being
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larger than 1µs. This allows to take into account the Poissonian level being the temporally
uncorrelated time regime. Comparison between center peak area and the Poissonian level
then delivers the TPI visibility (further information on how to access VTPI can be found in
Ref. [4]). The error of the measured TPI visibilities is determined via error-propagation,
taking the standard errors of center peak and Poissonian level (calculated via
√
N , where
N is the number of coincidence events) as well as the error of background subtraction into
account.
SPECTRAL DIFFUSION
As discussed in course of our theoretical model, the key properties, which drive the in-
distinguishability of photons from two remote QDs are the integrated emission spectra,
including all broadening mechanisms, as well as the lifetime of the addressed state. Spec-
tral diffusion can be quantified by fitting a Voigt profile to the spectral distribution while
fixing homogeneous broadening to ∆νhomog = 0.27 GHz, an estimation based on decay times
τdec,QDR = (580± 10) ps and τdec,QDB = (600± 10) ps of the two QDs. Actual inhomoge-
neous broadening can then be extracted, here resulting in FWHMQDR = (2.0± 0.1) GHz
and FWHMQDB = (1.3± 0.1) GHz. Consequently, time-correlated single-photon counting
(TCSPC) and hPL are sufficient to predict the indistinguishability of photons from remote
QDs. In contrast, when performing such an experiment with an individual QD it is much
more complex to predict the TPI visibility as the spectral diffusion time constant drive the
frequency correlation between interfering photons. Figure 7a,b shows TPI measurements
with photons subsequently emitted from QDB, however for different setup configuration.
The difference between the two measurements comes from a change in time difference τMZI
of the emitted photons. It is realized by inserting 2 km of additional fiber path length,
hence increasing τMZI from 4 ns to 10µs. As a consequence, the spectral correlation of in-
terfering photons is decreased, i.e. the effective spectral width is approaching the steady
state. As the time difference is increased, photon indistinguishability is decreased from
V 4 nsQDB = (61± 3) % to V 10 µsQDB = (48± 5) %. For the case of TPI with remote emitters, this
effect is even more prominent as they are spectrally uncorrelated and the visibility reduces
to V remoteQDR,QDB = (29± 3) % (Figure 7c).
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FIG. 7. (a,b) Center correlation peak of TPI measurements with consecutively emitted photons of
QDB for 4 ns and 10 µs delay of the MZI normalized to the case with distinguishable photons. (c)
Remote TPI measurement of QDR and QDB with parallel and orthogonal polarization setting.
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